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ABSTRACT 
We propose Control Blocks, a system of graspable interface 
tools designed to bring the benefits of tangible interaction to the 
complex tasks required of the tabletop computer groupware 
environment. Control blocks are physical artefacts, directly 
associated with virtual content, similar to the Bricks of [2]. 
They are however augmented with large mechanical controls to 
provide the manipulation of additional functionality without 
compromising the tool’s physical nature. 
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1. INTRODUCTION 
Tabletop interfaces, as with the range of other computational 
groupware systems, aim to allow groups of users to interact 
with computational systems in the free and easy manner they 
would interact together in the non-virtual world. This task is 
hoped to be achieved by replicating the benefits tables bring to 
the collaboration environment in a computational setting.  
 
A relatively large amount of work towards tabletop groupware 
systems has been completed; much of this however has focused 
on compensating for characteristics of tables lost in the 
translation to the virtual environment. Such techniques are 
exemplified by the work in [7] where a range of “coordination 
policies” are proposed to cover for the lack of the social 
protocols which are believed to govern normal tabletop 
interaction. Despite these systems achieving this aim well, few 
systems taking this approach have gained widespread 
acceptance beyond the lab. We believe that if tabletop interfaces 
are to make this leap to the outside world, an alternate approach 
should be taken, where we strive to create tabletop interfaces 
which more extensively afford the qualities of their physical 
counterparts.  
 
Our goal is to exploit the ideas of tangible user interfaces in 
order to reignite the physicality which is so important to the 
tabletop group working environment.  
 
2. TANGIBLE INTERACTION 
An interface can be said to be tangible if it exploits our human 
senses, primarily touch, to enrich the interaction experience. 
This could be achieved with a vast array of different techniques, 
we however are to concentrate on the idea of graspable user 
interfaces [2] whereby physical objects are used in the control 
computer content thus providing a feeling of physicality to what 
once would have been purely virtual. Through a survey of 
previous work in a range of fields relating to groupware and 
tangible interfaces we have defined some key elements of the 
tabletop interaction environment which we believe have been 
lost in purely virtual systems but could be recreated with the 
reintroduction of physicality. 
 
 
Affordances 
Affordances are the possible actions, suggested by some object, 
a person can perform in relation to themselves and their current 
environment [4]; in this case a graspable tool on a tabletop 
interface. It should be possible to create physical tools which 
are sculpted in a way to provide affordances which suggest how 
the tabletop groupware environment could, and hopefully 
should, be used; allowing group members to concentrate on the 
group task at hand rather than concentrate on understanding its 
interface. 
 
Expressive parallel interaction 
Unlike many interaction devices found across today’s 
computing environment which have a defined ‘way’ in which 
they are to be used; the physical objects within a tangible 
interface, as with most physical objects in the world, could be 
designed to support an extensive range of alternative interaction 
approaches. This could give users the level of expressive 
interaction found in the physical world but in control of virtual 
content. This freedom of interaction should extend to the use of 
multiple hands and even multiple objects, hence giving the user 
the ability to perform parallel interactions with the virtual as 
they would on a physical table. Most interestingly however, 
based on the assumption that a single user can interact in a truly 
parallel fashion, multiple users should be able to interact with 
the same objects together in the same way. This will create a 
groupware interface where users actually interact together 
rather than use individual interaction devices concurrently. 
 
Directly mapped interaction 
Generally in the physical world a single tool performs a single 
task, a hammer hits a nail; a screwdriver adjusts a screw. In the 
world of computers however this “space multiplexed” 
interaction is replaced by devices which perform varied tasks in 
relation to some state selection [2]. Such devices remove the 
fluidity of a user’s interactions; actions which may have been 
simple rapid gestures in the physical world may become 
elongated as they are caught in the selection, action cycle. Also 
an interface could become highly confusing as users are forced 
to remember large amounts of complex state information. 
Tangible interfaces where physical objects perform interactions 
on directly mapped virtual content could mimic the interaction 
paradigm of the physical world thus removing these problems 
and allowing groups to fluidly interact across the interface’s 
content with minimal confusion and delay. 
 
Physical presence 
As users interact with groupware interfaces using external 
interaction devices such as mice [1] or PDAs [6] it is likely that 
their manipulation of the interface will be based around some 
very finite interactions. Hence, group members will struggle to 
determine other’s interactions by simply observing them; 
reducing the level of awareness of activity across the group 
dramatically. Poor awareness could prevent collaboration from 
being initiated when appropriate or even allow certain group 
members to gain some unfair advantage. Interfaces utilizing 
interaction with physical objects could push users to perform 
more obvious gesture based manipulations thus increasing 
awareness.  
 
3. CONTROL BLOCKS 
Tangible tabletop interfaces are not a new idea; in fact due to 
the table’s ability to house artefacts most tangible interfaces 
involve some sort of horizontal surface. Many previous systems 
however [2, 3, 5] often rely on simple manipulations of raw 
physical objects, thus rendering them unsuitable for many of the 
more complex tasks required in the computational groupware 
environment. We propose the idea of Control Blocks, graspable 
interface objects which aim to provide the benefits of tangible 
interaction to the tabletop groupware environment whilst 
remaining suitable for more complex tasks, thus lending 
themselves to the creation of a tangible tabletop interface.  
 
Control blocks will be based upon the Bricks of Fitzmaurice et 
al. [2], which are small physical artefacts used to directly 
control associated virtual content upon a horizontal display. To 
support the functionality of more complex group work tasks 
Control Blocks will augment these Bricks with additional 
controls. In order to maintain the tangible nature of the Bricks 
large analogue mechanical controls based on those found on 
audio visual equipment of the last decade will be used; as 
illustrated in Figure 1. 
 
 
 
Figure. 1 Analogue controls 
 
If designed correctly we believe the attachment of these 
controls to the traditional graspable Brick could easily facilitate 
a tabletop system which respects the key elements of tangible 
interfaces stated in section 2.  
 
Affordances 
The physical feedback and constraints which characterise 
analogue controls may highlight strong affordances to users. A 
dial due to its mechanical makeup can only be adjusted left or 
right thus suggesting that a user must spin it in order to 
complete an action; or a button can only move up and down 
thus highlighting it should be pressed. In addition to these 
simple affordances it is also believed that user’s previous 
knowledge of analogue controls may provide an additional set 
of extremely useful affordances. 
 
Expressive parallel interaction 
As the controls will have defined physical presence it can be 
hypothesised that they will support expressive and parallel 
interaction ability that goes hand in hand with physical objects. 
A dial to change the opacity of an image for example could not 
be manipulated in conflicting directions by multiple users. If 
controls are chosen to be large and simple then it is also likely 
that these controls could be used in parallel cooperatively. If 
this were not the case however users should be able to 
collaborate across blocks, for example in video editing 
application, one user may scrub through a video whilst another 
marks edit points with a different control on that same block.  
Directly mapped interaction 
Control blocks will not create direct relationships between 
individual tools and actions; but will combine a set of control 
action relationships together into a single block, in a similar 
manner to the aggregation of tools found in a pen knife. This 
does not replicate the single tool single action metaphor in the 
purest sense as multiple actions will be related to a single block; 
however it does provide the possibility of fully spatially 
multiplexed interaction environments for complex tasks and 
maintains the user experience of manipulating a physical object 
in order to initiate an action 
 
Physical presence 
The use of controls may not be as visible as if users were to 
manipulate objects via gestures and other physical 
transformations, however control blocks may allow for a 
substantial level of visibility whilst still supporting more 
complex tasks. Firstly if large analogue controls are used then 
the gestures required to interact are likely to be fairly obvious to 
others, also if a range of different controls are used then users 
may be able to differentiate between actions based on a users 
varied hand movements. For example an interaction with a 
button will look very different from an interaction with a cross 
fader. Also the spatially multiplexed nature of the controls will 
allow users with knowledge of the control set to see which 
control a user is manipulating and therefore determine the exact 
action being completed. Finally many analogue controls 
provide persistent visual feedback about the last action which 
was completed, if a play button was pressed it will remain in the 
down position or if a selector switch is used it will remain on 
the last selected option; this should allow users to view a 
control block after a user has removed their hand and determine 
what just happened.   
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